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Reduced capacity of dendritic cells from trauma-hemor-
rhage mice in initiating delayed-type hypersensitivity to
fluorescein isothiocyanate
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Objective:    To study the role of dendritic cells (DCs) in
initiating delayed-type hypersensitivity (DTH) to fluores-
cein isothiocyanate (FITC) after trauma-hemorrhage in mice.
Methods:    Inbred BALB/c mice (6-8 weeks old, male)
were epicutaneously sensitized with FITC 12 hours, 1 day, 2
days, 4 days and 7 days after closed bilateral femur frac-
tures combined with hemorrhage. And 5 days after
sensitization, DTH was evaluated by ear swelling after a
challenge of FITC. Draining lymph node cells were exam-
ined for the percentages of FITC-positive cells, cluster of
differentiation (CD)11c-positive cells and major histocom-
patibility complex II (MHC II)-positive cells by means of
flow cytometry. In vitro proliferative responses of synge-
neic lymphocytes and in vivo passive transfer of DTH to
naive recipients induced by isolated DCs from the draining
lymph nodes were determined.
Results:    The time of DTH to FITC decreased more
significantly in the mice with trauma-hemorrhage (12 hours
to 4 days) than in the mice with sham injury. After
sensitization, the relative percentages of FITC+ cells, FITC+/
CD11c+ cells and FITC+/CD11c+/MHC II+ cells from the drain-
ing lymph nodes were all significantly reduced following
injury. And the capacity of DCs from the draining lymph
nodes in stimulating proliferative responses of lymphocytes
and transferring DTH to naive recipients were also inhib-
ited after injury.
Conclusions:    Trauma-hemorrhage induces repressive
DTH in mice, which may be attributed, at least partially, to
the reduced trafficking of DCs into the draining lymph nodes
and insufficient maturation during DC migration.
Key words:    Delayed type hypersensitivity; Dendritic
cells; Flow cytometry; Wounds and injuries
It is well-known that traumatic injury-induced immunosuppression is associated with an increased sus-ceptibility to sepsis, organ failure, and mortality.1,2
A number of studies have demonstrated that trauma
induces a marked alteration of many immune functions,
including T cell activation, proliferation and cytokine
release, macrophage antigen presentation function, and
cytokine release.3-5 Dendritic cells (DCs), well-known
as the professional antigen-presenting cells (APCs),
play a key role in initiating and modulating innate and
adaptive immune responses.6 Although the functions of
Kupffer cells, splenic and peritoneal macrophages are
markedly altered following trauma-hemorrhage,5 it re-
mains unclear whether trauma-hemorrhage also affects
the functions of DCs. Therefore, we evaluated cellular
immunity after trauma with delayed-type hypersensitivity
(DTH) responses in mice and studied DCs’ changes in this
process for exploring the mechanisms of DCs’ involvement
in immune suppression after trauma in this study.
METHODS
Animals
Inbred BALB/c mice (6-8 weeks old, male, n=144)
were purchased from the Animal Center of Chongqing
Medical University and maintained on a standard chow
pellet diet with pure water ad libitum and a 12-hour light/
dark cycle. The experimental protocols were approved by
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the Institutional Animal Care and the Use Committee of
the Third Military Medical University, Chongqing, China.
Materials
Fluorescein isothiocyanate isomer I (FITC), ether,
acetone, dibutylphthalate, mitomycin C, 3-(4,5-
dimethylithiazol-2-yl)-2, 5-diphenyl tetrazolium (MTT)
and dimethyl sulphoxide (DMSO) were purchased from
Sigma-Aldrich Chemical Company (St Louis, MO,
USA). Phosphate buffered solution (PBS) and D-Hank’s
solution were purchased from Hyclone Company (Logan,
UT, USA). Affinity purified anti-mouse CD16/32 antibody
(Fc block antibody), phycoerythrin (PE)-Cy5-conjugated
anti-mouse CD11c monoclonal antibody (mAb, clone:
N418) and PE-conjugated anti-mouse major histocom-
patibility complex (MHC) class II mAb (clone: M5/114.
15.2) were purchased from eBioscience Company (San
Diego, CA, USA) and CD11c MicroBeads (mouse) from
Miltenyi Biotec Company (GmbH, Germany).
Establishment of trauma-hemorrhage model
The animals (n=112) were anesthetized by inhala-
tion of anaesthetic ether and 35 % of their whole blood
(the whole blood of a mouse is about 78 ml/kg body
weight) was collected from the orbital vein at once. Af-
ter stopping the bleeding by pressure, both femurs were
fractured by the same pressure with the same hemo-
static forceps. The sham controls were subjected to
the same anesthesia procedure, but they were neither
bled nor injured.
Determination of DTH
DTH was induced as described previously.7 Briefly,
at different time points (12 hours, 1 day, 2 days, 4 days,
and 7 days after trauma), 400 µl of 0.5 % FITC in ac-
etone and dibutylphthalate (1:1) was applied directly to
the shaved skin of the abdomen of the animals. Five
days after sensitization, 20 µl of 0.5 % FITC was painted
on the inner and outer surfaces of their right ears. The
thicknesses of the right and left earlobes were mea-
sured before and 24 hours after the challenge of FITC
with an engineer’s micrometer. The magnitude of the
right ear’s swelling was expressed by the thickness-
change of the right ear using the following formula: The
amount of ear swelling=[(Postchallenge thickness-
Prechallenge thickness)/Prechallenge thickness]
×100%. Measurements on the left (completely
unmanipulated) ear were served as internal controls for
each animal.
Flow cytometric analysis
The shaved abdomens of the mice were painted with
400 µl of 0.5 % FITC. And 24 hours later, single cell
suspension was prepared from the pooled inguinal lymph
nodes and pressed through a wire mesh. The cell sus-
pension (1×106 cells/ml) was first blocked by 1 µg/ml
fragment crystalline block antibody for 15 minutes on
ice, stained by CD11c and MHC class II mAbs, and
then analyzed by a FACSCaliburTM (BD Biosciences,
San Jose, CA, USA).
Capacity of DCs to induce lymphocyte prolifera-
tion
Single cell suspension was prepared from the pooled
inguinal lymph nodes 24 hours after skin-painting with
FITC as described above. DCs were isolated from mono-
nuclear cells by positive selection using CD11c
MicroBeads (mouse) and a Mini MACS Separator with
a positive selection MS column through following the
manufacturer’s instructions. Various numbers (6.725×103
-1×105 cells/well) of DCs, pretreated by mitomycin C
(25 mg/L), were cocultured with syngeneic lymph node
cells as responders (4×105 cells/well) in 0.2 ml Roswell
Park Memorial Institute (RPMI)-1640 complete medium
in a 96-well U-bottomed microtiter plate for 72 hours.
MTT (5 g/L) was added 4 hours before the termination
of culture. Then 150 µl DMSO was added to each well,
which was oscillated for 10 minutes. The absorbance
was measured by an enzyme-linked immunosorbent
assay plate reader (Bio-Rad, Tokyo, Japan) at a wave-
length of 570 nm.
Capacity of DCs to transfer sensitization for DTH to
naive recipients
The transfer of sensitization for DTH was determined
as described previously.7 Briefly, isolated DCs were in-
jected into the footpads of the naive mice (1×106 DCs/
footpad), and 5 days later, sensitization was tested by
ear swelling after the recipient mice were challenged
by FITC as described above.
Statistical analysis
Each experiment was repeated for at least 3 times.
Data were presented as mean±SD for each group. One-
way ANOVA and Student’s t test were used for the com-
parison between the two groups, and the differences
were considered significant at P<0.05.
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RESULTS
DTH induced by FITC after trauma in mice
The results of DTH induced by FITC are shown in
Fig. 1. Treatment of the sham-injured mice (the control
group) resulted in a robust increase in the ear thickness,
while treatment of the injured mice resulted in a de-
crease in the amount of ear swelling. The degrees of
ear edema from 12 hours to 4 days after injury decreased
significantly in the experimental group compared with
that of the control group (P<0.05). However, 4 days
after injury, DTH increased in the experimental group,
but there was no significant difference between the two
groups 7 days after injury.
to transfer sensitization for DTH to naive recipients is
significantly weaken as compared with that from the
control group (P<0.05). Non-sensitized (naive) DCs from
the two groups had no capacity to transfer DTH to na-
ive recipients.
Flow cytometric analysis after FITC sensitization
After 24 hours of sensitization with FITC, single cell
suspension was prepared from the pooled inguinal lymph
nodes. FACScan analyses demonstrated that the rela-
tive percentages of FITC+ cells and FITC+/CD11c+ cells
from the pooled inguinal lymph nodes were significantly
reduced one day after trauma when compared with that
of the control group (P<0.01, Figs. 2A and 2B). Gated
on CD11c+ cells, FITC+/MHC II+ cells also significantly
decreased one day after trauma (P<0.01, Fig. 2C).
Capacity of DCs to induce lymphocyte prolifera-
tion
In the control group, high proliferative response of
syngeneic lymphocytes was induced by DCs from the
pooled inguinal lymph nodes 24 hours after skin-paint-
ing with FITC, however, DCs from the trauma group elic-
ited clearly lower lymphocyte response at the ratios of
1:4 and 1:8 (stimulator:responder, P<0.05, Fig. 3).
Capacity of DCs to transfer sensitization for DTH to
naive recipients
Fig. 4 demonstrates that the capacity of FITC-sen-
sitized DCs from the injured mice one day after injury
Fig. 2. Phenotypes of pooled inguinal lymph node cells one day
after trauma. A: FITC+ cells; B: FITC+/CD11c+ cells; C: FITC+/MHC II+
cells.
Fig. 3.  Capacity of DCs to induce lymphocyte proliferation. Data
are expressed as mean±SD, n=8, *P<0.05, compared with the
control group.
Fig. 1. DTH induced by FITC after trauma in mice. Data are ex-
pressed as mean±SD, n=8. *P<0.05, **P<0.01, compared with
the control group.
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DISCUSSION
It remains unclear whether or not trauma affects DC’s
functions. Kawasaki et al8,9 found that the markedly-
decreased MHC class II expression and cytokine (IL-12
and interferon-gamma) production induced by splenic
DCs in mice following trauma-hemorrhage may be the
causes of depressed DC antigen presentation under
those conditions, which was associated with the de-
pression of IL-15 production by splenic DCs after trauma-
hemorrhage. However, Fujimi et al10 observed that the
antigen-presenting function of murine splenic DCs is
not altered by burn injury. The research of Henrich et
al11 demonstrated that multiple trauma is followed by a
marked change of the subpopulation composition of the
DC compartment favoring plasmacytoid DCs, and that
these changes are inversely associated with the en-
hanced IL-10 plasma concentrations. Therefore, the
alteration of DC’s functions following trauma needs fur-
ther elucidation.
As immune responses are mediated by T cells, DTH
can be used to evaluate the function of cellular immu-
nity in vivo. When the skin is contacted with hapten
such as FITC, DCs in skin can capture and process
them, migrate them to the draining lymphoid organs
where DCs become mature up-regulate MHC II and
costimulatory molecules, then present these antigens
to immune cells, and stimulate naive T cells to prolifer-
ate and differentiate into effector T cells. It takes 1-2
days for DCs to f inish this process of antigen
presentation. When the skin is contacted with the same
hapten again, effector T cells can recognize it, and then
proliferate and release cytokines, thus inducing re-
sponses of inflammatory cell infiltration with red swell-
ing of the skin and even tissue necrosis.6 Though T cells
mediate the effects of DTH, DCs play a key role in the
sensitization for DTH because DCs are initiators of DTH.
Many scientists have proved that surgical interven-
tion and severe injuries can decrease  DTH responses
of patients, which has close relationship with sepsis and
death.12 Some investigators found decreased DTH re-
sponses in the injured animals when these animals were
injured just before the challenge with the same hapten
in a later stage of DTH.13 These experiments demon-
strated that the effector T cells in the later stage of DTH
could be disturbed by trauma, however, they cannot
show the roles of DCs and the initiators of DTH in me-
diating the decreased DTH responses after trauma. We
used FITC to induce DTH responses at different time
points after trauma and found that trauma could result
in decreased DTH responses, which reached the bot-
tom 24 hours after injury. Based on these results, we
used FITC as a tracing tool and further made a flow
cytometric analysis for the draining lymph nodes after
FITC sensitization, which demonstrated that DCs had
a close relationship with the decreased DTH responses
after trauma. The number of DCs with FITC was re-
duced significantly by more than 80% in the draining
lymph nodes of injured mice 24 hours after skin-paint-
ing with FITC, which suggested that the migration of
immature DCs from skin to the draining lymph nodes
was disturbed after trauma. And we found the numbers
of mature DCs with FITC and MHC II were also reduced
significantly in the draining lymph nodes of these in-
jured mice, which indicated that the disturbed migra-
tion or lowered trafficking of immature DCs from the
skin to the draining lymph nodes was accompanied by
a limited differentiation and maturation of DCs after
trauma.
In order to determine whether DCs from the controls
and the trauma group possess different capacities to
induce syngeneic lymphocyte proliferation, we isolated
DCs from pooled inguinal lymph nodes 24 hours after
skin-painting with FITC and performed a co-culture of
DCs and lymphocytes. We found that DCs from the
trauma group elicited clearly lower lymphocyte re-
sponses than those from the control group, which may
result from the decreased number and limited matura-
tion of FITC-DCs in the draining lymph nodes from
trauma-hemorrhage mice.
In the early stage (1-2 days after skin-painting) of
DTH responses, not T or B cells but antigen-bearing
DCs can transfer sensitization and initiate DTH in the
recipient mice.7 Our results showed that isolated DCs
Fig. 4. Capacity of DCs from the draining lymph nodes to transfer
sensitization for DTH to naive recipients. Data are expressed as
mean±SD, n=8. *P<0.05, compared with the control sensitized
group.
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from mice 24 hours after injury induced significantly
weaker sensitization for DTH to recipient mice com-
pared with those from the normal mice, though the num-
ber of transferred cells was equal. So our results sug-
gested that trauma may decrease the ability of DCs to
transfer sensitization for DTH, which has close rela-
tionship with repressive capacity of these DCs in in-
ducing cell proliferation of lymph nodes as mentioned
above. The mechanisms of DCs involved in decreased
DTH responses and immune suppression after trauma
will be explored with other animal models to a deeper
extent.
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